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DETAILED ACTION 

1. Claims 1-35 have been presented for examination based on applicant's amendment filed 
on 07 September 2005. 

2. Claims 1-35 remain rejected. 

Response to Arguments 

3. Applicants arguments filed on 07 September 2005 have been fully considered. 
Regarding proposed drawing changes : Applicant's proposed drawing changes have 
been approved by the examiner pending review by the draftsperson. 

Regarding objection of the specification : The examiner withdraws the objections to the 
specification in view of applicant's amendment to the specification and arguments filed 
on 07 September 2005. 

Regarding applicants response to 112(1) rejection: The examiner withdraws the 112(1) 
rejection in view of applicant's amendment to the claims, specification, and arguments 
for the claimed limitations related to the "client-server architecture, network environment 
and portable devices", would have been known to a skilled artisan at the time of the 
invention. 

Regarding applicant's response to 1 12(2) rejection : The examiner withdraws the 112(2) 
rejection in view of applicant's argument filed on 07 September 2005. 
Regarding applicant's response to 101 rejection: The examiner withdraws the 101 
rejection in view of applicant's amendment to the claims filed on 07 September 2005. 
Regarding applicant's response to 102(a): Applicants arguments with regard to claims 1- 
35 have been fully considered but are now moot based on new grounds for rejection. 

Information Disclosure Statement 
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4. The Office acknowledges receipt of the Information Disclosure Statements filed on 12 
March 2002 and 22 August 2005. They have been placed in the application file and the 
information referred to therein has been considered. 

Claim Rejections - 35 (JSC § 103 

5. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

6. Claims 1-35 are rejected under 35 U.S.C. 103(a) as being unpatentable over U.S. Patent 
No. 6,259,453 issued to Itoh in view of Sara Gibson, Christina, Eric Grimson..., Volumetric 
Object Modeling for Surgical Simulation, MIT, 5 November 1997. 

As per claim 1: 

Itoh discloses Long Elements Method (LEM) for real time physically based modeling of a 
deformable medium, comprising the steps of: constructing a plurality of long elements in a 
computer (col. 2 lines 62-64); and configuring said computer with a meshing strategy based on 
said plurality of long elements wherein number of said plurality of long elements is proportional 
to b.sup.2 where b is length of a side of said deformable medium thereby substantially reducing 
number of time steps required by said modeling (col. 1 lines 37-41). 

Itoh fails to disclose a deformable medium. 

Gibson discloses a deformable medium (page 6 paragraph one lines 7-8). 

It would have been obvious to one of ordinary skill in the art at the time of the invention 
was made to combine the teachings of Itoh related to automatically generating a mesh such as 
quadrilateral, hexahedral, and the like with the teachings of Gibson related to model phenomena 
such as the deformation, cutting, tearing, or repairing of soft tissues poses significant challenges 
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for real-time interaction. The motivation for doing so would have been more convenient to use a 
volumetric methods for modeling deformable mediums such as soft tissues and tissue cutting at 
interactive rates (Abstract). Hence a skilled artisan having access to the teaching of Itoh and 
Gibson would have knowingly modified the teaching of Itoh with Gibson. 
As per claim 2: 

Gibson discloses a soft tissue (Abstract line 2-4). 
As per claim 3: 

Gibson discloses an object filled with fluid (page 2 paragraph two lines 10-1 1 ). 
As per claim 4: 

Gibson discloses the method of claim 1 , wherein said modeling comprising soft tissue 
simulation, surgical simulation, unrestricted multi-modal interactive simulation including 
simulating interactive topological changes, volumetric modeling for homogeneous and non- 
homogeneous materials, and graphic and haptic rendering (Abstract). 
As per claim 5: 

Gibson discloses the method of claim 1, further comprising a step of: providing means 
for simulating deformations and dynamics of said deformable medium (page 4 lines 1-3 and the 
equation). 
As per claim 6: 

Gibson discloses the method of claim 5, wherein said deformations include elastic and 
plastic deformations and said dynamics include movement of said deformable medium (page 5 
paragraph three lines 6-7). 
As per claim 7: 

The limitation of claim 7 has already been discussed in the rejection of claim 6. It is 
therefore rejected under the same rationale. 
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As per claim 8: 

Gibson discloses the method of claim 7, wherein said means for simulating is based on 
a set of static equations {Ku=F\ page 3 equation 1), volume conservation (Abstract lines 5-6). 

Gibson fails expressly to disclose a Pascal principle. However, this feature is, which is a 
Pascal Principle, deemed to be obvious to the Gibson system as shown in page one paragraph 
two of "Introduction". In order to cut the soft tissue in a surgical simulation, it is important to find 
out how much pressure should be applied to over come the inside pressure of the tissue. At this 
moment the Pascal Principle plays a big role in the surgical simulation. Without having this 
Principle, it would be impossible to know the external applied force without knowing the internal 
and external pressure of the soft tissue at the time of surgical simulation. 
As per claim 9: 

Gibson discloses the method of claim 8, wherein each of said static equations is an 
equilibrium equation (Ku=F; page 3 equation 1), defined for each of said plurality of long 
elements using material properties comprising pressure, volume (abstract line 10), stress (Fig. 
3), strain (Fig. 3), position (displacement u; page 4, a paragraph starting with "In both static and 
dynamic..." line 1), and velocity (first order derivative of u; page 4, a line starting with "where M 
and C are..." line 1). 
As per claim 10: 

Itoh discloses Long Elements Method (LEM) for real time physically based simulation of 
a deformable object, comprising the steps of: discretising volume of said deformable object with 
a plurality of long elements wherein number of said plurality of long elements is proportional to 
b.sup.2 where b is length of a side of said deformable object (col. 2 lines 62-66); 

Itoh fails to disclose providing a set of static equations wherein each of said static 
equations is defined for each of said plurality of long elements using dynamic variables; and 
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providing a static stateless deformation engine for simulating globally and physically consistent 
elastic deformations of said deformable object. 

Gibson discloses providing a set of static equations wherein each of said static 
equations is defined for each of said plurality of long elements using dynamic variables (page 4 
the line starting with "In both static and dynamic simulations, ..." lines 1-2); and providing a 
static stateless deformation engine for simulating globally and physically consistent elastic 
deformations of said deformable object (page 5 paragraph 3). 

It would have been obvious to one of ordinary skill in the art at the time of the invention 
was made to combine the teachings of Itoh related to automatically generating a mesh such as 
quadrilateral, hexahedral, and the like with the teachings of Gibson related to modeling 
phenomena such as the deformation, cutting, tearing, or repairing of soft tissues poses 
significant challenges for real-time interaction. The motivation for doing so would have been 
more convenient to solve for the displacement, inertial and damping forces for the deformable 
medium using a dynamic variables. Hence a skilled artisan having access to the teaching of Itoh 
and Gibson would have knowingly modified the teaching of Itoh with Gibson. 
As per claim 11: 

The limitation of claim 1 1 has already been discussed in the rejection of claim 8. It is 
therefore rejected under the same rationale. 
As per claim 12: 

The limitation of claim 12 has already been discussed in the rejection of claim 9. It is 
therefore rejected under the same rationale. 
As per claim 13: 

The limitation of claim 13 has already been discussed in the rejection of claim 10. It is 
therefore rejected under the same rationale. 
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As per claim 14: 

Gibson discloses the system of claim 13, wherein said system is organized in three main 
modules comprising: a model definition module for defining geometry and physics of said 
deformable object (Fig. 10); a simulation module for obtaining deformed shape of said 
deformable object (Fig. 7); and a rendering module for enabling user interaction with said 
deformable object (Fig. 7). 
As per claim 15: 

Gibson discloses the system of claim 13, wherein said system is organized in three 
decoupled means comprising: means for simulating deformations of said deformable object 
(Abstract lines 6-7); means for rendering graphics (Fig. 7); and means for rendering haptics 
(Fig. 8), wherein said decoupled means are executed concurrently in different processing 
means and wherein said decoupled means share a data structure containing said plurality of 
long elements. 
As per claim 16: 

Gibson discloses the system of claim 13, wherein said system is implemented in a client- 
server architecture allowing multi rendering and multi haptic interactions in a shared virtual 
environment (page 10 paragraph two). 
As per claim 17: 

Gibson discloses the system of claim 13, wherein said system is implemented in a 
network environment such that a plurality of users may simultaneously interact with said 
modeling (page 10 paragraph two). 
As per claim 18: 
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Gibson discloses the system of claim 17, wherein said network environment is Windows. 
TM. NT, Unix, or the Internet (page 10 paragraph two lines 4-7 and page 11 paragraph two lines 
1-2). 

As per claim 19: 

Gibson discloses the system of claim 13, wherein said system is implemented in a 
portable device (page 11 paragraph two lines 1-2). 
As per claim 20: 

Gibson discloses the system of claim 13, wherein said system is implemented in a 
personal computer (page 11 paragraph two lines 1-2). 
As per claim 21: 

Itoh discloses Long Elements Method (LEM) for real time physically based dynamic 
simulation of a deformable medium, comprising the steps of: generating a plurality of long 
elements wherein each of said plurality of long elements is an one-dimension entity (col. 2 lines 
62-64); meshing said deformable medium based on said plurality of long elements wherein 
number of said plurality of long elements is proportional to b.sup.2 where b is length of a side of 
said deformable medium (col. 1 lines 37-41); and simulating said deformable medium in at least 
two different dimensional spaces simultaneously, wherein said at least two different dimensional 
spaces comprising lower order dimensions (col. 1 lines 11-15) and higher order dimensions (col. 
1 lines 25-30). 

Itoh fails to disclose a deformable medium. 

Gibson discloses a deformable medium (page 6 paragraph one lines 7-8). 

It would have been obvious to one of ordinary skill in the art at the time of the invention 
was made to combine the teachings of Itoh related to automatically generating a mesh such as 
quadrilateral, hexahedral, and the like with the teachings of Gibson related to model phenomena 
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such as the deformation, cutting, tearing, or repairing of soft tissues poses significant challenges 
for real-time interaction. The motivation for doing so would have been more convenient to use a 
volumetric methods for modeling deformable mediums such as soft tissues and tissue cutting at 
interactive rates (Abstract). Hence a skilled artisan having access to the teaching of Itoh and 
Gibson would have knowingly modified the teaching of Itoh with Gibson. 
As per claim 22: 

Itoh discloses the method of claim 21, wherein said meshing step further comprising the 
steps of: projecting said deformable medium into a plurality of representations in lower order 
dimensions; and crossing said deformable medium with a plurality of reference planes of lower 
order dimensions, wherein points inside said deformable medium are simulated with respect to 
relative positions on said reference planes (col. 3 lines 6-13). 
As per claim 23: 

Itoh discloses the method of claim 21, wherein said plurality of long elements comprising 
straight long elements and free form long elements (col. 1 lines 37-41). 
As per claim 24: 

Itoh discloses the method of claim 21, wherein said at least two different dimensional 
spaces comprising a one-dimension long element space (col. 1 lines 1 1-3) and a three- 
dimension Cartesian space (col. 1 lines 25-30). 
As per claim 25: 

The limitation of claim 25 has already been discussed in the rejection of claim 21 . It is 
therefore rejected under the same rationale. 
As per claim 26: 

Gibson discloses The system of claim 25, wherein said means for simulating further 
comprising a deformation engine for simulating stateless deformations of said deformable 
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medium (page 1 under a title "Introduction" paragraph two lines 1-5) and a dynamic simulation 
computing means for providing state-based dynamic simulation and for integrating said 
stateless deformations and said state-based dynamic simulation (page 4 lines 1-3), said 
computing means deriving three-dimension shape of said deformable medium from 
configuration of said plurality of one-dimension long elements (Fig. 7). 
As per claim 27: 

The limitation of claim 27 has already been discussed in the rejection of claim 24. It is 
therefore rejected under the same rationale. 
As per claim 28: 

The limitation of claim 28 has already been discussed in the rejection of claim 23. It is 
therefore rejected under the same rationale. 
As per claim 29: 

The limitation of claim 29 has already been discussed in the rejection of claim 22. It is 
therefore rejected under the same rationale. 
As per claim 30: 

The system of claim 25, wherein each of said plurality of long elements comprising a 
combination of two mass-less long elements attached to a particle of known mass. 
As per claim 31: 

The limitation of claim 31 has already been discussed in the rejection of claim 17. It is 
therefore rejected under the same rationale. 
As per claim 32: 

The limitation of claim 32 has already been discussed in the rejection of claim 18. It is 
therefore rejected under the same rationale. 
As per Claim 33: 
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The limitation of claim 33 has already been discussed in the rejection of claim 19. It is 
therefore rejected under the same rationale. 
As per claim 34: 

The limitation of claim 34 has already been discussed in the rejection of claim 20. It is 
therefore rejected under the same rationale. 
As per claim 35: 

Gibson discloses the system of claim 25, wherein said system is implemented in a 
surgical interface (Fig. 1). 

Conclusion 

7. Applicant's amendment necessitated the new ground(s)THIS ACTION IS MADE FINAL. 

Applicant is reminded of the extension of time policy as set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 
MONTHS of the mailing date of this final action and the advisory action is not mailed until after 
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
CFR 1.136(a) will be calculated from the mailing date of the advisory action. In no event, 
however, will the statutory period for reply expire later than SIX MONTHS from the mailing date 
of this final action. 

8. The prior art made of record and not relied upon is considered pertinent to applicant's 
disclosure. 

Stephane Cotin, Herve Delingette, and Nicholas Ay ache, Real-Time Elastic 
Deformations of Soft Tissues for Surgery Simulation , Vol. 5, No. 1 1999 IEEE. 
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Morten Bro-Nilesen and Stephane Cotin, Real-Time Volumetric Deformable Models for 
Surgery Simulation using Finite Elements and Condensation, Vol. 15, No. 3, 
EUROGRAPHICS 1996. 

K. Sundaraj, C. Laugier, and I.F. Costa, "An approach to LEM modeling: Construction, 
Collision Detection and Dynamic Simulation", Proceeding of the 2001 IEEE/RSJ, 
International Conference Intelligent Robots and Systems, pp 2196-2201, Oct 29-Nov 03, 
2001. 

U.S. Patent No. 6,804,635 issued to Dhondt et al. 
2. Any inquiring concerning this communication or earlier communication from the 
examiner should be directed to Kibrom K. Gebresilassie whose telephone number is (571) 272- 
8571. The examiner can normally be reached on Monday-Friday, 8:30 am to 4:30 pm. If 
attempts to reach the examiner by telephone are unsuccessful, the examiner supervisor, Kamini 
shah can be reached at (571) 272-2279. The official fax number is (571) 273-8300. Any 
inquiring of a general nature relating to the status of this application should be directed to the 
group receptionist whose telephone number is (571) 272-3700. 

Kibrom K. Gebresilassie 

Patent Examiner 

U.S. Patent and Trademark Office 
Simulation and Emulation, Art Unit 2128 
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